Background and aims Autochthonous hepatitis E virus (HEV) infection is a porcine zoonosis and increasingly recognized in developed countries. In most cases the route of infection is uncertain. A previous study showed that HEV was associated geographically with pig farms and coastal areas. Aim The aim of the present research was to study the geographical, environmental and social factors in autochthonous HEV infection. Methods Cases of HEV genotype 3 infection and controls were identified from 2047 consecutive patients attending a rapidaccess hepatology clinic. For each case/control the following were recorded: distance from home to nearest pig farm, distance from home to coast, rainfall levels during the 8 weeks before presentation, and socioeconomic status. Results A total of 36 acute hepatitis E cases, 170 age/sex-matched controls and 53 hepatitis controls were identified. The geographical spread of hepatitis E cases was not even when compared with both control groups. Cases were more likely to live within 2000 m of the coast (odds ratio = 2.32, 95% confidence interval = 1.08-5.19, P = 0.03). There was no regional difference in the incidence of cases and controls between west and central Cornwall. There was no difference between cases and controls in terms of distance from the nearest pig farm, socioeconomic status or rainfall during the 8 weeks before disease presentation. Conclusion Cases of HEV infection in Cornwall are associated with coastal residence. The reason for this observation is uncertain, but might be related to recreational exposure to beach areas exposed to HEV-contaminated 'run-off' from pig farms. This hypothesis merits further study. Eur J Gastroenterol Hepatol 28:323-327
Introduction
Waterborne transmission has been implicated in large hepatitis E virus (HEV) genotype 1 and 2 outbreaks in developing countries where the disease is restricted to humans [1] . In developed countries HEV genotype 3 (and 4) infections are thought to be porcine zoonoses [2] and can be transmitted by consumption of infected pork products [3] [4] [5] . In most cases the route of transmission remains uncertain [6] . Environmental contamination with HEV is incompletely understood, but HEV genotype 3 has been found in pig slurry lagoons, watercourses, human sewage and seawater [7] [8] [9] . These observations suggest that environmental factors may be important in the transmission of HEV from pigs to humans, and that waterborne transmission of HEV genotype 3 may be possible. The aim of this case-controlled study was to investigate geographical, environmental and social factors associated with locally acquired hepatitis E infection.
Cornwall is a geographically isolated maritime peninsula situated at the extreme southwest tip of mainland Britain (Fig. 1a ). The study was based at the Royal Cornwall Hospital in Truro, which has a catchment population of 400 000 and covers most of Cornwall. Cornwall is an ideal geographic area to perform epidemiological hepatology studies because of its static population, geographic isolation [10] and the existence of a well-established rapid-access hepatology clinic (jaundice hotline) [11] .
Methods
Initial serological screening was performed at the Clinical Microbiology Laboratory, Royal Cornwall Hospital between 1998 and 2012 by detection of serum HEV immunoglobulin M (IgM) using either the Genelabs HEV IgM EIA assay (Genelabs, Singapore) or the Assure HEV IgM Rapid test (MP Diagnostics, Singapore). Results were confirmed at the Central Public Health Laboratory by detection of specific HEV IgG and IgM antibodies and by PCR-based RNA detection using validated in-house assays [12] . Before 2009, the Genelabs EIA assays were used for confirmation; after November 2009, the Wantai EIA assays (Wantai Pharmaceutical Enterprise Ltd, Beijing, China) were employed. HEV infection was confirmed if HEV RNA was detected in an acute sample (32 cases) or HEV RNA was not detected but either HEV-specific IgM was detected in two different assays (three cases) or a positive IgM result in one assay was accompanied by a significant rise in HEV-specific IgG reactivity (one case). For inclusion in the study, cases of hepatitis E meeting this definition had to be normally residing in Cornwall and not travelled outside the UK in the 8 weeks before presentation of clinical symptoms. This study had ethical approval from the SW Regional Ethics Committee, UK.
For statistical analyses, cases were compared with two control groups. Control group 1 comprised nonviralrelated and nonalcohol-related hepatitis patients presenting to the jaundice hotline over the same period. Hepatitis A, B, Epstein-Barr virus or E were excluded in this group. Diagnoses included choledocholithiasis, metastatic liver disease, cholangiocarcinoma, pancreatic cancer, bile duct stricture, drug-induced hepatitis, primary biliary cirrhosis, Gilbert's disease and autoimmune hepatitis. Controls (subject to same exclusion criteria as cases) were age and sex-matched to cases (4 : 1). Control group 2 was drawn from patients presenting to the jaundice hotline and subsequently diagnosed serologically with hepatitis A, acute hepatitis B or Epstein-Barr virus hepatitis. The postcode for each case and control was measured to the nearest pigholding (Health Protection Agency). The closest rainfall gauge to each case or control's residential address (< 2000 m) was used to calculate the levels of exceptional rainfall using data supplied by the UK Environment Agency in the 8 weeks before the presentation of clinical symptom. The index of Multiple Deprivation score [13] was obtained for each postcode to detect any association between hepatitis E and socioeconomic deprivation.
An unconditional logistic regression analyses with adjustment for age, sex, socioeconomic index and urban or rural living were carried out to explore differences in the distributions of geographical and environmental factors between cases of hepatitis E infection and the controls. Exposure effects were expressed as odds ratios (ORs) with 95% confidence intervals (CIs). The shape of the relationship between age and anti-HEV IgG seroprevalence in different districts was explored using logistic regression models with linear and quadratic terms for age. Effects of district-level summaries of the geographical and environmental factors on annual incidence of HEV were tested using Poisson regression models with an offset term for the 2010 annual population in each district. Generalized additive models with cubic regression splines were used to explore the functional form of the relationships between hepatitis E infection and distance to the coast.
Results
A total of 36 patients met the case definition as outlined above. In total, 170 age and sex-matched controls were included in the control group 1, and 53 patients were identified for the control group 2. The geographical distribution of cases and controls is shown in Table 1 . The geographical spread of cases was not even when compared with both control groups ( Table 2) . Compared with controls, cases of hepatitis E were more likely to live within 2000 m of the coast (OR = 2.32, 95% CI = 1.08-5.19, P = 0.03) but this association was nonlinear, as shown in Fig. 2 . HEV genotype 3 cases were not located closer to pig-holdings when compared with the two control groups. There was no association between the risk of HEV infection and deprivation (OR = 1.00, 95% CI = 0.95-1.05, P = 1.00). There was no difference between cases and control group 1 in total local rainfall (P = 0.15), total local rainfall as a percentage of long-term average rainfall (P = 0.66) or mean weekly rainfall (P = 0.15) or exceptional levels of weekly rainfall.
Discussion
The findings of this study show that, compared with controls, cases of locally acquired hepatitis E in Cornwall are not randomly geographically distributed, but occur more commonly in individuals who live within 2000 m of the coast. The reasons for these observations are uncertain; however, our findings do not support the postulation that this is due to older individuals living near the coast [14] .
There are a number of other possible explanations for this coastal clustering.
The Cornish coastline comprises many small bays formed where narrow valleys reach the sea. The catchments for these watercourses include grazing land and agricultural run-off. This topography is prone to flooding, which may increase exposure to waterborne pollutants in bathing water or from HEV-contaminated groundwater 'run-off.' Another possible explanation is that individuals who live near the coast are more likely to consume shellfish. However, there was no difference in shellfish consumption across the case group (data not shown). Finally, host factors such as excessive alcohol consumption may play a role in the presentation of clinically overt hepatitis E infection [14] . Coastal communities may have different patterns of alcohol consumption but this hypothesis could not be tested because there were no local data on geographical differences for this risk factor.
The reasons for the nonlinear association with proximity to the coast are uncertain. Properties in the immediate vicinity of the coast attract a premium value in Cornwall. These properties are often second homes or holiday accommodation whose residents would have been excluded from our study. It may be that active beach and coastline users in the local population would be more likely to live close to the coastline but not in the immediate vicinity producing a nonlinear proximity association.
There was no relationship between the cases of hepatitis E and proximity of residence to pig-holdings. This suggests that contamination of the local environment adjacent to pig farms is not an important route of infection. However, direct contact with pigs is thought to be a route of infection as anti-HEV IgG seroprevalence is high in pig handlers and swine veterinarians [15] . Very few of the cases or controls lived more than a few kilometres from the nearest pig-holding. Some of these pig-holdings rear many hundreds of pigs, and some only one or two. This was not accounted for in the analyses, and it could be that environmental risk of hepatitis E infection relates to the size of the pig-holding, with large farms potentially producing the greatest risk in terms of the quantum of HEV contaminating the immediate environment. We were interested in the possible relationship between local excessive rainfall and cases of hepatitis E, as large amounts of rainfall might increase HEV-containing 'runoff' from pig farms leading to adjacent environmental contamination.
However, there was no relationship between high levels of rainfall and HEV infection. While we analysed the most accurate rainfall data plotted to the nearest rain gauge, this method would not have identified very localized flooding as in some instances gauges were up to 2000 m away from residences.
Conclusion
Compared with controls, patients with hepatitis E in Cornwall are more likely to live within 2000 m of the coast. Proximity to pig farms, local rainfall levels and socioeconomic status appear not to be important factors in patients with hepatitis E. These findings suggest that environmental factors may be important in HEV genotype 3 exposure in humans. Distance to the coast (m) Change in log odds of HEV Fig. 2 . The solid curve represents the log odds ratios of HEV between 'the distances to coast are the x-axis values' and 'the distance to coast is 0 m'. The dashed curves are the 95% confidence intervals for the log odds ratios.
The short bars at the bottom represent the different observations of distances to coast. These data show that the effect of distance to coast is nonlinear. Compared with the odds of HEV at 0 m to coast, the odds of HEV will increase from 0 to 1000 m, decrease from 1000 to ∼ 4000 m, then increase from ∼ 4000 to 6000 m and finally decrease from 6000 to 10000 m. HEV, hepatitis E virus.
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